Background: Cardiac resynchronization therapy (CRT) is indicated in symptomatic heart failure (HF) patients after achieving optimal medical therapy. However, there are still a large percentage of patients who do not respond to CRT. Malnutrition is a frequent comorbidity in patients with HF, and it is associated with a poorer prognosis. Here, we evaluate the nutritional status of patients assessed by Controlling Nutritional Status (CONUT) score and its association with structural remodeling and cardiovascular events. Methods: We investigated the effect of CONUT on HF/death in 302 consecutive patients with a CRT device implanted between 2005 and 2015 in a single tertiary center. We categorized the patients into three groups: normal nutritional status (CONUT 0e1), mild malnutrition (CONUT 2e4) and moderatesevere malnutrition (CONUT ! 5). Changes in nutritional status were assessed in patients with mildto-severe malnutrition prior to CRT. Results: One hundred and forty-eight patients exhibited normal nutritional status (49.0%), 99 patients exhibited mild malnutrition (32.8%) and 55 patients exhibited moderate-severe malnutrition (18.2%). CONUT scores of at least 2 were associated with higher risk of HF/death compared with CONUT 0e1. Significant left ventricular (LV) reverse remodeling was noted in patients with better nutritional status. In addition, those malnutrition patients at baseline that improved nutritional state exhibited fewer HF/ death events at follow-up. Conclusion: CONUT score prior to CRT was an independent risk factor of death/HF and was correlated with LV reverse remodeling. Improvements in CONUT score during long-term follow-up were associated with a reduction in the rate of HF/death.
Heart failure (HF) is a highly prevalent syndrome associated with poor quality of life, frequent hospitalizations and high mortality, despite therapeutic advances [1e3] . HF-related mortality remains as high as 50% within 5 years of diagnosis [4] . In large clinical trials, cardiac resynchronization therapy (CRT) conducted in tandem with pharmacological therapy in patients with chronic symptomatic HF with left ventricular dysfunction (left ventricular ejection fraction (LVEF 35%) and prolonged QRS complex (QRS > 130 ms) has been associated with a significant reduction in mortality, clinical improvement and structural reverse remodeling [5e10] . However, approximately 30% of patients receiving CRT experience no benefit [11] . The non-response to CRT is multifactorial and may involve multiple pre-, peri-and post-implant factors.
Malnutrition is a frequent comorbidity in patients with HF, which is associated with more advanced disease, comorbidities and poorer prognosis [12e14] . The etiology of the malnutrition is multifactorial: immune system, proinflammatory state, neurohormonal alterations, inadequate nutrition and absorption, and it is characterized by a catabolic/anabolic imbalance [15] . Early identification of malnutrition may lead to improved nutritional status and a better prognosis; however, the accepted definition of malnutrition has not yet been established. Controlling Nutritional Status (CONUT) is a score that identifies the in-hospital nutritional status of patients [16] . This score has been shown to be a good indicator of the nutritional status of HF patients and its association with increased cardiovascular events, both in patients with chronic HF and in patients hospitalized for acute HF 17À19 .
The aim of this study was to analyze nutritional status using CONUT score in symptomatic HF patients receiving CRT and its association with structural remodeling and long-term events (hospitalization for HF and/or death).
Material and methods
This retrospective study included 302 consecutive patients with a CRT -defibrillator (CRT-D) or a CRT -pacemaker (CRT-P) under standard clinical indications in a single tertiary institution between August 2005 and April 2015. All of the patients had demonstrated HF symptoms (New York Heart Association (NYHA) functional class II, III or ambulatory IV), with ischemic or non-ischemic cardiomyopathy, decreased LVEF ( 35%) and prolonged QRS duration (!130 ms) at the time of implantation. They received pharmacological treatment for HF up-titrated to the maximal tolerated doses according to the guidelines recommendations for the management of HF at the discretion of the treating cardiologist. Patients with severe liver disease (Child Pugh B-C) have been excluded.
We collected the baseline characteristics of all of the patients: age, gender, NYHA functional class, atrial fibrillation, underlying heart disease, pharmacological therapy and analytical data, electrocardiographic parameters and echocardiographic parameters, which included LV end-diastolic (LVEDV) and end-systolic volume (LVESV), LVEF and left atrial diameter (LAd). We used CONUT to evaluate the nutritional status of the patients via analytical control during the month prior to the implantation of CRT. The parameters that we used included serum albumin levels (g/dl), total cholesterol levels (g/dl) and total lymphocytes (cells/ml). We accordingly evaluated protein reserve (serum albumin !3.5, 0 points, 3.00e3.49, 2 points, 2.50e2.99, 4 points, < 2.50, 6 points), caloric reserve (total cholesterol ! 180, 0 points, 140e179, 1 point, 100e139, 2 points, < 100, 3 points) and immunological defenses (!1600, 0 points, 1200e1599, 1 point, 800e1199, 2 points, <800, 3 points). The CONUT scores ranged from 0 to 12, and the patients were classified as: having normal nutritional status (CONUT 0e1 points), mild malnutrition (CONUT 2e4 points) and moderatesevere malnutrition (CONUT ! 5 points).
The patients were followed up for at least one year in the Heart Failure Clinic every three or six months and in the CRT-Device Clinic every six months. Electrocardiograms and echocardiograms were also performed at the 6-month and 2-year follow-up and according to the discretion of the HF cardiologist. CONUT was calculated for all patients between 6 and 24 months after CRT. Changes in the nutritional status of patients after CRT were assessed in the followup. We evaluated the association of improved nutritional status with cardiovascular events and structural remodeling in patients with mild-to-severe malnutrition prior to CRT. The reduction in LVESV and increase of LVEF are markers of reverse remodeling that correlates with mortality and heart failure hospitalizations, which are well-defined criteria to assess response to CRT. Maintained or worsened nutritional status post-CRT was considered to indicate no improvement.
The study satisfied all of the requirements of local ethics committees and complied with the Declaration of Helsinki.
Statistical analysis
Continuous variables are expressed as mean ± standard deviation (SD). Categorical data are presented as numbers and percentages. We used the Mann-Whitney and the Kruskal-Wallis tests to compare continuous numerical variables among the groups. The cumulative probability of death and/or HF was calculated using the Kaplan-Meier method. We used the multivariate Cox proportional hazards model to estimate the hazard ratio (HR) and 95% confidence interval (95%CI). We made use of the Statistical Package for Social Science (SPSS) for Windows, version 20.0 (software SPSS Inc.; Chicago, Illinois, United States) package for all of the statistical analysis. We carried out statistical analyses in R using the package "survival," which is freely available at http://cran.r-project.org. A p value less than 0.05 was considered to be statistically significant.
Results

Baseline characteristics
Three hundred and twenty-eight CRT devices have been consecutively implanted in our center from 2005 to 2015. The study population included 302 patients (68 women and 234 men; mean age: 70 ± 10 years). Twenty six patients did not have all analytical parameters and were excluded from the study. One hundred and eight patients (35.8%) exhibited ischemic etiology, 77 patients (25.5%) were II NYHA class, 210 patients (69.5%) were III NYHA class and 15 patients (5.0%) were IV NYHA class. The mean LVEF and LVESV in our cohort were 27 ± 7% and 166 ± 60 ml, respectively. Pharmacotherapy at baseline was as follows: 262 patients (86.8%) were on angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers (ACEIs/ARBs), 254 patients (84.1%) were on betablockers (BBs) and 144 patients (47.7%) were on mineralocorticoid receptor antagonist (MRAs). The mean follow-up duration was 4.2 ± 2.9 years.
We calculated the nutritional status of patients with CONUT prior to CRT implantation. Patients were classified using CONUT as having normal nutritional status (148 patients; 49.0%), mild malnutrition (99 patients; 32.8%) or moderate-severe malnutrition (55 patients; 18.2%). The characteristics of the patients in terms of CONUT score are listed in Table 1 . Patients with a higher CONUT score were older, exhibited lower levels of hemoglobin, lower glomerular filtration rates and higher percentage of ischemic etiology. We did not find any differences in NYHA functional class, body mass index (BMI), width and morphology of the QRS among the groups. There were also no differences in terms of medical treatment (ACEI/ARB, BB and MRA).
Structural remodeling
During follow-up, the echocardiographic parameters exhibited significant reverse LV remodeling in patients with better nutritional status. A significant (>15%) LVESV reduction was observed in 88.1% of patients with normal nutritional status, in 84.7% of patients with mild malnutrition and in 62.2% of patients with moderate-to-severe malnutrition (p ¼ 0.001). There was also a significant difference in the LVEF increase among the groups (Table 1) .
Mortality/HF admissions
During the mean follow-up duration of 4.4 ± 3.0 years, HF or death occurred in 43.6, 63.2 and 69.5% (p < 0.001) of patients with a normal nutrition status, mild malnutrition and moderate-severe malnutrition, respectively. The long-term cumulative probability free of HF/death differed significantly according to nutritional status (p < 0.001) (Fig. 1) .
Multivariate Cox proportional hazard model analyses revealed that age, male sex, low sodium levels and LA diameter were independent predictors of HF/death. Higher CONUT score was also associated with an increased risk of HF/death during long-term follow-up. The nutritional status prior to CRT assessed by CONUT was identified as an independent predictor of cardiovascular events at follow-up (Table 2) .
CONUT in follow-up
Nutritional status was assessed after the implantation of CRT. One hundred and fifty-four patients prior to CRT had mild-tosevere malnutrition. These patients were classified into two groups depending on whether their CONUT scores improved or worsened after CRT: 90 patients (58.4%) maintained similar or worse nutritional status, and 64 patients (41.6%) improved their nutritional status post-CRT. No differences were observed in the baseline characteristics of the cohort (Table 3) .
The long-term cumulative probability of HF/death differed 
Discussion
Our study provides evidence that malnutritiond assessed using the CONUT scored is common and predicts a poor outcome in patients with HF referred for CRT implantation. The CONUT score was significantly associated with cardiac events and LV reverse remodeling to CRT in patients with advanced HF. We found that an improvement in CONUT score after CRT was associated with a better outcome. We have provided the first evidence that malnutrition in HF patients receiving CRT is significantly associated with the prognosis and echocardiographic response to CRT.
Our findings may have several clinical implications. For instance, selecting patients on the basis of malnutrition may be helpful for patient selection for CRT, as it provides increased prognostic value in addition to other variables, which remains a challenging issue in clinical practice [11] . Patients with severe malnutrition, an indicator of frailty, poor outcomes and poor CRT response, can be considered for the length-of-life assessment recommended by HF guidelines for CRT recipient selection [20] . On the other hand, CRT response may improve nutritional status [21] , and nutritional improvement may be considered to be a new clinical indicator of positive CRT response. CONUT should not be used as an isolated criterion to predict the CRT response, since the causes of nonresponse are multifactorial and involve several pre-, peri-, postimplant factors [11] . However, several previous studies have shown that targeted nutritional interventions could improve the response in HF patients with malnutrition and may improve outcomes [22e24]. Therefore, it is possible that a nutritional intervention helps optimize energy intake and moderate the imbalance between anabolism/catabolism, which is the result of neurohormonal and inflammatory activation of the HF. Also it might optimize the protein intake and increase protein synthesis, necessary to maintain muscle mass and serum albumin concentration. The modifications of these factors could change the evolution of the disease in the poorly nourished patient and explain the benefit of nutritional intervention.
Malnutrition and HF prognosis
Malnutrition has been identified as an independent risk factor and likely mediator of morbidity and mortality in patients with chronic and acute HF. Nutritional interventions may prevent complications and increase the quality of life of patients with HF[12À14, 25À27]. Low serum albumin [28e30] and nutrition indices [17e19,31e34] strongly predict mortality across the spectrum of HF severity from ambulatory patients to left ventricular assist device recipients. Therefore, it has been suggested that the HF can be substantially modulated by nutritional status. In turn, BMI is not a good predictor of nutritional status in HF patients [25] . However, the pathophysiological mechanisms underlying these findings remain unclear. Inflammatory and metabolic derangements of the failing myocardium could develop and worsen the progression of HF [35] . Nakagomi et al. [36] described that nutritional state is associated with inflammation and predicts poor outcome in patients with chronic HF. These authors found a positive correlation between the production of monocyte tumor necrosis factor (TNF) a and plasma levels of CRP with CONUT score. This myocardial imbalance might alter levels of circulating adipocytokines, including ghrelin, leptin, growth hormone and, more recently, orosomucoid [37] . This situation might contribute to the wasting process by altering appetite and energy expenditure [37e39] . The derangement of these hormone systems, potentially triggered by the effects of proinflammatory cytokines may be responsible for the development of satiety without adequate food intake and the promotion of other deleterious mechanisms in HF. Von Haehing et al. [40] extensively described malabsorption from the gut as being a possible result of bowel edema and reduced bowel perfusion in HF patients. Malabsorption from the gut may also play a relevant role in the progression of the wasting process and nutritional state.
Malnutrition and CRT
The implication of nutritional status in the response to CRT has thus far not yet been evaluated. Only Obrzut et al. demonstrated, in a prospective study consisting of 21 patients with non-ischemic cardiomyopathy who received CRT, that myocardial free fatty acid uptake flux may be a useful biomarker of non-responders due to high altered myocardial metabolism in advanced stages of HF 21 . We found that more than half of patients with CRT were malnourished according to CONUT score. Patients with higher levels of malnutrition were older, had poorer renal function and lower hemoglobin concentrations [41] . These variables were associated with a more advanced stage of HF and greater lipotoxicity [42, 43] . Remarkably, in our sample there was a direct association between the degree of malnutrition and mortality or hospitalization for HF. A high CONUT score prior to CRT was independently associated with an increased risk of death/HF and poorer ventricular remodeling after CRT. Moreover, the improvement in nutritional status after CRT was associated with a better outcome in terms of decreased rates of HF and death after adjusting for confounding variables. There were a large percentage of patients who did not exhibit a LV reversal remodeling to CRT. Causes of non-response are multifactorial and may involve pre-, peri-and post-implant factors [11] . In our study, nutritional status assessed by CONUT score prior to CRT implantation demonstrated for the first time its association with LV reverse remodeling. Therefore, patients with better nutritional status exhibited a larger response to CRT. CONUT could easily identify patients in an advanced state of heart disease who were more likely not to respond to CRT. However, there was only a trend linking improvement in nutritional status and reverse LV remodeling. Additional studies are necessary to reveal the precise mechanisms involved in this process. It is also critically important to consider nutritional-state improvements as a new indicator of CRT response and cardiovascular outcomes.
Limitations
There are several limitations associated with this study. First, this investigation was a retrospective study conducted at a single center and reflects our own experience with the patients with CRT at our institution. Second, our sample size was relatively small. Third, we did not provide valid pathophysiological mechanisms for the improvement in the nutrition status after CRT.
Conclusions
In this follow-up study, the nutritional risk score CONUT prior to CRT was an independent risk factor of death/HF hospitalizations and was correlated with LV reverse remodeling. An improvement in CONUT score during follow-up post CRT implantation was associated with a reduction in HF hospitalizations and/or death. Our results suggest that more advanced states of malnutrition flagged by CONUT could be used to identify early non-responders to CRT and improvements in nutrition status may be a new marker of a positive response to CRT.
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